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METHOD AND APPARATUS FOR 
CALIBRATING OSCILLATORS 

BACKGROUND 

[0001] I. Field 
[0002] The following description relates generally to com 
munication systems, and more particularly, to a method and 
apparatus for calibrating oscillators. 
[0003] II. Background 
[0004] In the integrated radio transceivers of many commu 
nication systems, voltage controlled oscillators (V CO) are 
used to generate the clock signals that are necessary for 
proper operation. For example, the signal from aVCO may be 
used to generate the radio frequency (RF) frequencies for use 
in frequency synthesiZers. In the ?eld of wireless communi 
cations, where a large number of channels are crowded in 
narrow high frequency ranges and frequency synthesiZers are 
widely used to generate stable frequencies for transceivers, 
either as the transmitting frequencies or the local oscillator 
frequencies to beat with the receiving signals, even small 
variations in the operation of the VCO can cause problems. 
[0005] The performance of the communication system, 
consequently, is critically dependent on the purity of the 
synthesiZed high-frequency output signals. For example, dur 
ing signal reception, if the frequency source is impure, the 
result will be a mixing of undesired channels into the desired 
channel signal. During signal transmission, an impure fre 
quency source will create interference in neighboring chan 
nels. Thus, it must follow that the frequency synthesiZer and 
the underlying clock source must be carefully designed. 
However, even if these design concerns are addressed, varia 
tions in manufacturing processes and temperature ?uctua 
tions during operation can cause deviations in the center 
frequency of the VCO when it is free-running. 
[0006] In view of the various unknowns and the required 
accuracy during normal operation, a calibration process for 
the VCO needs to occur at initialiZation of the communication 
system, and the clock generation system in general, is 
required. The wireless communication system needs to per 
form clock calibration so the other systems can operate. How 
ever, the time spent for calibration of the clock generation 
system is at a premium in wireless systems. Typically, the 
calibration or search is implemented using a binary search 
approach. This approach is the most generic of sorted search 
methods and does not assume prior knowledge of the system. 
The algorithm converges to the desired solution in a ?xed 
number of steps, the number being proportional to the reso 
lution desired. For example, the more accurate the re?ne 
ment, the more steps will be required. However, the binary 
search only uses the direction of the error to get closer to the 
desired value. 
[0007] Consequently, it would be desirable to address one 
or more of the de?ciencies described above. 

SUMMARY 

[0008] According to various aspects, the subject innovation 
relates to systems and/ or methods for calibrating an oscillator. 

[0009] According to another aspect of the disclosure, a 
method of wireless communication is provided. The method 
includes searching, in an array storing an operational charac 
teristic of the oscillator, for an index value that is associated 
with an output of the oscillator; determining that the output is 
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within a predetermined accuracy as compared to a desired 
output; and generating the output based the index value. 
[0010] According to yet another aspect of the disclosure, an 
apparatus for wireless communication is provided. The appa 
ratus includes means for searching, in an array storing an 
operational characteristic of the oscillator, for an index value 
that is associated with an output of the oscillator; determining 
that the output is within a predetermined accuracy as com 
pared to a desired output; and generating the output based the 
index value. 
[0011] According to yet another aspect of the disclosure, an 
apparatus for wireless communication is provided. The appa 
ratus includes a memory storing an array comprising an 
operational characteristic of the oscillator; and, a processing 
system con?gured to search, in the array, for an index value 
that is associated with an output of the oscillator; determine 
that the output is within a predetermined accuracy as com 
pared to a desired output; and generating the output based the 
index value. 
[0012] According to yet another aspect of the disclosure, a 
computer-program product for communication is disclosed. 
The computer-program product includes a machine-readable 
medium encoded with instructions executable by a processor 
to cause the processor to search, in an array storing an opera 
tional characteristic of the oscillator, for an index value that is 
associated with an output of the oscillator; determine that the 
output is within a predetermined accuracy as compared to a 
desired output; and generate the output based the index value. 
[0013] According to yet another aspect of the disclosure, a 
communications device with an oscillator is disclosed. The 
communications device includes a wireless network adapter 
con?gured to receive a transmission for a packet using a 
timing signal based on the oscillator. The communications 
device further includes a processing system con?gured to: 
search, in an array storing an operational characteristic of the 
oscillator, for an index value that is associated with an output 
of the oscillator; determine that the output is within a prede 
termined accuracy as compared to a desired output; and gen 
erate the output based the index value. 
[0014] Although particular aspects are described herein, 
many variations and permutations of these aspects fall within 
the scope of the disclosure. Whereas some bene?ts and 
advantages of the preferred aspects are mentioned, the scope 
of the disclosure is not intended to be limited to particular 
bene?ts, uses, or objectives. Rather, aspects of the disclosure 
are intended to be broadly applicable to different wireless and 
wire line technologies, system con?gurations, networks, and 
transmission protocols, some of which are illustrated by way 
of example in the ?gures and in the following Detailed 
Description. The detailed description and drawings are 
merely illustrative of the disclosure rather than limiting, the 
scope of the disclosure being de?ned by the appended claims 
and equivalents thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] These and other sample aspects of the disclosure 
will be described in the detailed description that follow, and in 
the accompanying drawings, wherein 
[0016] FIG. 1 is a diagram of a wireless communications 
network con?gured in accordance with an aspect of the dis 
closure; 
[0017] FIG. 2 is a block diagram ofan oscillator component 
con?gured in accordance with an aspect of the disclosure 
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used in a clock generation system in a Wireless node in the 
Wireless communications network of FIG. 1; 
[0018] FIG. 3 is a plot illustrating the frequency response of 
the oscillator of FIG. 2 for a given code Word and a corre 
sponding range of analog settings of the in accordance With an 
aspect of the disclosure; 
[0019] FIG. 4 is a block diagram of a clock generation 
system con?gured in accordance With an aspect of the disclo 
sure used in a Wireless node in the Wireless communications 
netWork of FIG. 1; 
[0020] FIG. 5 is a How diagram of an oscillator calibration 
process con?gured in accordance With an aspect of the dis 
closure that may be used With the clock generation system of 
FIG. 4; 
[0021] FIG. 6 is a plot With a comparison ofthe operational 
characteristics of the clock generation system of FIG. 4 and 
an approximated version thereof in accordance With an aspect 
of the disclosure; 
[0022] FIG. 7 is a plot of the operational characteristics of 
the clock generation system of FIG. 4 as a system for search; 
[0023] FIG. 8 is a table With possible index values con?g 
ured in accordance With an aspect of the disclosure that may 
be used With the clock generation system of FIG. 4; 
[0024] FIG. 9 is a table listing the results of an example 
operation of the oscillator calibration process of FIG. 5 as 
compared to the binary search; 
[0025] FIG. 10 is a plot With a comparison of operation of 
the binary search and the oscillator calibration process of 
FIG. 5; 
[0026] FIG. 11 is a block diagram of a communication 
apparatus con?gured in accordance With an aspect of the 
disclosure; and 
[0027] FIG. 12 is a block diagram illustrating an example of 
a hardWare con?guration for a processing system in a Wireless 
node in the Wireless communications netWork of FIG. 1. 
[0028] In accordance With common practice, some of the 
draWings may be simpli?ed for clarity. Thus, the draWings 
may not depict all of the components of a given apparatus 
(e. g., device) or method. Finally, like reference numerals may 
be used to denote like features throughout the speci?cation 
and ?gures. 

DETAILED DESCRIPTION 

[0029] Various aspects of the disclosure are described more 
fully hereinafter With reference to the accompanying draW 
ings. This disclosure may, hoWever, be embodied in many 
different forms and should not be construed as limited to any 
speci?c structure or function presented throughout this dis 
closure. Rather, these aspects are provided so that this disclo 
sure Will be thorough and complete, and Will fully convey the 
scope of the disclosure to those skilled in the art. Based on the 
teachings herein one skilled in the art should appreciate that 
that the scope of the disclosure is intended to cover any aspect 
of the disclosure disclosed herein, Whether implemented 
independently of or combined With any other aspect of the 
disclosure. For example, an apparatus may be implemented or 
a method may be practiced using any number of the aspects 
set forth herein. In addition, the scope of the disclosure is 
intended to cover such an apparatus or method Which is 
practiced using other structure, functionality, or structure and 
functionality in addition to or other than the various aspects of 
the disclosure set forth herein. It should be understood that 
any aspect of the disclosure disclosed herein may be embod 
ied by one or more elements of a claim. 
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[003 0] The oscillator calibration approach described herein 
reduces complexity of a calibration operation to achieve a 
required calibration of an oscillator. Referred to as an 
informed search calibration, in one aspect, the approach 
reduces the time complexity of the search by expanding the 
path close to the desired search value. In general, the e?i 
ciency of the approach depends on hoW similar the heuristic 
data is to the array Where the search is intended. The approach 
is most suited for calibrating open-loop quasi-linear systems 
like voltage controlled oscillators (VCOs) or analog ?lters. 
[0031] Several aspects of a Wireless netWork 100 that 
includes devices that uses the oscillator calibration system 
Will noW be presented With reference to FIG. 1. The Wireless 
netWork 100 is shoWn With several Wireless nodes, generally 
designated as nodes 110 and 120. Each Wireless node is 
capable of receiving and/or transmitting and includes radio 
systems that include frequency synthesiZers using VCOs. In 
the detailed description that folloWs, the term “access point” 
is used to designate a transmitting node and the term “access 
terminal” is used to designate a receiving node for doWnlink 
communications, Whereas the term “access point” is used to 
designate a receiving node and the term “access terminal” is 
used to designate a transmitting node for uplink communica 
tions. HoWever, those skilled in the art Will readily understand 
that other terminology or nomenclature may be used for an 
access point and/or access terminal. By Way of example, an 
access point may be referred to as a base station, a base 
transceiver station, a station, a terminal, a node, an access 
terminal acting as an access point, or some other suitable 
terminology. An access terminal may be referred to as a user 

terminal, a mobile station, a subscriber station, a station, a 
Wireless device, a terminal, a node, or some other suitable 
terminology. The various concepts described throughout this 
disclosure are intended to apply to all suitable Wireless nodes 
regardless of their speci?c nomenclature. 
[0032] The Wireless netWork 100 may support any number 
of access points distributed throughout a geographic region to 
provide coverage for access terminals 120. A system control 
ler 130 may be used to provide coordination and control of the 
access points, as Well as access to other netWorks (e. g., Inter 
net) for the access terminals 120. For simplicity, one access 
point 110 is shoWn. An access point is generally a ?xed 
terminal that provides backhaul services to access terminals 
in the geographic region of coverage. HoWever, the access 
point may be mobile in some applications. An access termi 
nal, Which may be ?xed or mobile, utiliZes the backhaul 
services of an access point or engages in peer-to-peer com 
munications With other access terminals. Examples of access 
terminals include a telephone (e.g., cellular telephone), a 
laptop computer, a desktop computer, a Personal Digital 
Assistant (PDA), a digital audio player (e.g., MP3 player), a 
camera, a game console, or any other suitable Wireless node. 

[0033] The Wireless netWork 100 may support MIMO tech 
nology. Using MIMO technology, an access point 110 may 
communicate With multiple access terminals 120 simulta 
neously using SDMA. SDMA is a multiple access scheme 
Which enables multiple streams transmitted to different 
receivers at the same time to share the same frequency chan 
nel and, as a result, provide higher user capacity. This is 
achieved by spatially precoding each data stream and then 
transmitting each spatially precoded stream through a differ 
ent transmit antenna on the doWnlink. The spatially precoded 
data streams arrive at the access terminals With different 
spatial signatures, Which enables each access terminal 120 to 
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recover the data stream destined for that access terminal 120. 
On the uplink, each access terminal 120 transmits a spatially 
precoded data stream, Which enables the access point 110 to 
identify the source of each spatially precoded data stream. 
[0034] The Wireless node, Whether an access point or 
access terminal, may be implemented With a protocol that 
utiliZes a layered structure that includes a physical (PHY) 
layer that implements all the physical and electrical speci? 
cations to interface the Wireless node to the shared Wireless 
channel, a MAC layer that coordinates access to the shared 
Wireless channel, and an application layer that performs vari 
ous data processing functions including, by Way of example, 
speech and multimedia codecs and graphics processing. 
Additional protocol layers (e. g., netWork layer, transport 
layer) may be required for any particular application. In some 
con?gurations, the Wireless node may act as a relay point 
betWeen an access point and access terminal, or tWo access 

terminals, and therefore, may not require an application layer. 
Those skilled in the art Will be readily able to implement the 
appropriate protocol for any Wireless node depending on the 
particular application and the overall design constraints 
imposed on the overall system. 
[0035] FIG. 2 illustrates an oscillator 200 With its control 
ling variables. In an aspect of the disclosure, the oscillator 200 
has an analog input 250 for ?ne frequency control, and a 
digital input 252 for coarse frequency control. The setting on 
the coarse input adjusts the coarse frequency range of the 
operation of the oscillator 200. Fine setting aids in “locking” 
the synthesizer to the incoming frequency. For the oscillator 
200 to lock to the desired frequency, it is important that the 
coarse setting is at the correct setting. 

[0036] For example, as illustrated by a frequency response 
plot 300 in FIG. 3, the oscillator 200 can only be brought 
Within range of and lock to frequency FVCOl using a ‘CODE 
WORD 1’ setting, While the oscillator 200 can only be 
brought Within range of and lock to frequency FVCO2 using a 
‘CODE WORD 2’ setting. There are tWo modes of operation 
for the oscillator 200. The ?rst mode of operation for the 
oscillator 200 is a calibration mode, during Which the cali 
bration unit 200 is used to bring the operating frequency of the 
oscillator 200 to the desired range by adjusting the digital 
setting 204. The analog setting 202 is set to a knoWn ?xed 
analog voltage. During the second, or otherWise referred to as 
normal, mode of operation, the previously adjusted digital 
setting 204 is held to the state previously set during calibra 
tion and the analog setting 202 of the VCO 200 is used to 
acquire a ‘lock’ to the incoming signal. In an aspect, the 
analog setting 202 and the digital setting 204 relate to voltage 
values. In another aspect, Where these settings can relate to 
current values. 

[0037] FIG. 4 illustrates a block diagram of a clock genera 
tion system 400. In one aspect, the clock generation system 
400 is a phase locked loop (PLL) that includes a reference 
(REF) clock 402, a phase frequency detector/charge pump 
(PFD/CP) 404, a loW pass ?lter 406, a feedback divider 408 
and a self-calibrating VCO circuit 450. The self-calibrating 
VCO circuit 450 includes a VCO 454 With a calibration unit 
452. The VCO 454 outputs a signal 490 With a particular 
frequency FVCO. During normal operation, the VCO 454 is 
connected to the loW pass ?lter 406 and disconnected from the 
calibration unit 452 so that the VCO 454 “locks” onto the 
incoming frequency. During calibration mode, the path 
betWeen the loW pass ?lter 406 and the VCO 454 is discon 
nected, and the calibration unit 452 is connected to the VCO 
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454 to bring the operating frequency of the VCO 454 Within 
a proximity of the desired frequency (F VCO). 
[0038] The PFD/CP 404 generates an output signal that is a 
function of the difference betWeen the phases and/or fre 
quency of tWo input signals. As illustrated, one of the signals 
is a reference frequency FREF derived from REF clock 402, 
Which generates a ?xed stable frequency. The other signal, 
FDIV, is from the calibrated VCO circuit 454 after it has been 
divided by a feedback divider 408. The output of the PFD/CP 
404 is ?ltered by the loW-pass ?lter 406 and the direct current 
(DC) component of the difference of the tWo signals is 
applied to the self-calibrating VCO circuit 450. In one aspect, 
the signal fed back to the feedback divider 408 from the 
self-calibrating VCO circuit 450 is divided by a predeter 
mined factor M. 
[0039] The output from the calibration unit 452 programs 
the VCO 454 to change frequency in the direction that reduces 
the difference betWeen the VCO free running frequency and 
the desired FVCO. During the calibration process, the VCO 
454 is disconnected from the loW pass ?lter 406. If the tWo 
frequencies are suf?ciently closeifor example, Within a tol 
erable level of accuracyithe VCO 454 is considered to be “in 
proximity” to the desired frequency F VCO. The corresponding 
state of the calibration unit 252 is saved so that VCO 454 
generates the desired frequency during normal operation. The 
PLL feedback mechanism attempts to adjust the output of the 
VCO 454 so that the tWo-frequency/phase detector input 
signals Will be closely matched. In one aspect, the output of 
the calibration unit 452 is a digital code and a knoWn, ?xed 
analog voltage/current. The digital code is a sequence of bits 
that program the VCO 454 to output a signal at a predeter 
mined level. Thus, the number of different signal levels of 
output FVCO, otherWise referred to as the resolution and the 
range of the system, is directly related to the number of bits in 
the digital code. 
[0040] FIG. 5 illustrates an oscillator calibration process 
500 as an example of the informed search calibration 
approach in one aspect of the disclosure Where, in step 502, 
the clock generation system 400 is initialiZed With default 
values, including loading FSTEP into a database 508. In one 
aspect, the values of FSTEP are based on the operating char 
acteristics of the VCO. A calculation is also performed of the 
number of signal levels, H, that the VCO 454 can be con 
trolled to output is performed during the initialiZation pro 
cess. As discussed previously, the number of signal levels is 
based on the siZe of the code Word, Which in this case is 
represented by N, and is the resolution of the clock generation 
system 400. A variable Index is arbitrarily set to be at the half 
of the code Word range. 
[0041] In step 504, the frequency of the VCO 454 is deter 
mined. In one aspect, the frequency of the VCO 454 is deter 
mined by comparing the frequency of the output of the VCO 
454 against a ?xed number of cycles from the REF clock 402. 
[0042] In step 506, hoW distant the current code Word is 
from the desired code Word is determined by the folloWing 
formula: 

F Index — F 
IndexDelta : w 

F STEP 

Where IndexDelta is the adjusted difference betWeen: (1) the 
frequency of the signal that Would be generated by the VCO 
454 based on the value of the Index variable; and (2) the target 
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frequency FTARGET. In an aspect, the adjustment is achieved 
by dividing the difference of (l) and (2) With FSTEP. 
[0043] In step 510, the Index variable is adjusted by the 
amount calculated for IndexDelta, and rounded to achieve a 
Whole number. 

[0044] In step 512, it is determined if the Index variable is 
Within, but not equal to, the bounds of the maximum and 
minimum alloWed values of 2N and l, exclusive, respec 
tively. If not, then operation continues With step 514. Other 
Wise, operation continues With step 518. 
[0045] In step 514, it is determined if the value of the Index 
variable is larger than 2AN, if so, then operation continues 
With step 522. Otherwise, operation continues With step 516. 
[0046] In step 522, if it has been determined that the value 
of the Index variable is larger than 2AN, then the value of the 
Index variable is set to 2AN. Operation then continues With 
step 524. 
[0047] In step 516, if it has been determined that the value 
of the Index variable is not larger than 2AN, then the value of 
the Index variable must be smaller than 1 because it has 
already been determined that the value of the Index variable 
had to be either larger than 2AN or smaller than 1 in step 512 
previously. Operation then continues With step 518. 
[0048] Returning to step 512, if it is determined that the 
value of the Index variable is Within the bounds of the maxi 
mum and minimum alloWed values of 2N and l, exclusive, 
then operation continues With step 518. 
[0049] In step 518, Where the Num variable is incremented 
before its incremented value is checked in step 520. 
[0050] In step 520, it is determined if the value of the Num 
variable is less than N. The purpose of this step is to ensure the 
loop is not run beyond N iterations. If the value in the Num 
variable has not reached the limit N, then operation continues 
With step 524. OtherWise, the execution of the process 500 
terminates. 

[0051] In step 524, it is determined if a lock on the desired 
frequency has been reached. If so, then the process 500 ter 
minates as calibration has been reached. OtherWise, operation 
continues With step 504, Where calibration of the VCO 454 
occurs again and the rest of the process repeats as described 
herein. 
[0052] FIG. 6 illustrates a plot 600 of the actual operational 
characteristics curve 602 of the clock generation system of 
FIG. 4 and an approximated operational characteristics curve 
604 that is an approximated version more suitable for use in 
the calibration process 500 for the clock generation system 
400. Thus, because there is an estimated model of the oper 
ating characteristics of the real system, an informed search 
can be performed using the approximated operational char 
acteristics curve 604 as a guide. The parameters related to the 
approximated operational characteristics curve 604 gener 
ated for the particular VCO may be stored in the clock gen 
eration system. 
[0053] FIG. 7 illustrates a plot 700 of the operational char 
acteristics of the clock generation system of FIG. 4 as a 
system for search, With a typical operation characteristics 
curve 722 representing the typical operational characteristics 
of a VCO such as that may be used in the clock generation 
system 400 that has not been adjusted. A corner curve 712 
illustrates the operational characteristics of the VCO as 
adjusted by the oscillator calibration process 500. Operating 
the VCO With the typical operation characteristics curve 722 
to reach FTARGET Would require a code Word 724 that Would 
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be different than operating the VCO With a code Word 714 
associated With the calibrated corner curve 712. 

[0054] The folloWing is an example of a calculation of 
IndexDelta using the values contained in FIG. 8: 

FTARGET = 4.8GHz 

F CURRENT = F(IndeX) 

= 6.25GHz 

IndexDelta = (6.25 GHZ - 6.0GHz) / 34MHz + (6.0GHz - 4.sGHZ)/32MHZ 

= 250/34 +1200/32 

= 7 + 37 

= 44 (code decrement) 

Where IndexDelta is calculated based on the locations of 
F(Index) and FTARGET. The step siZe is changed depending on 
the clock frequency code value. In the above example, a step 
siZe, FSTEP, of 34 MHZ is used for the frequency range of 6.25 
GHZ to 6.0 GHZ, and an FSTEP of 32.0 MHZ is used for the 
frequency range of 6.0 GHZ to 4.8 GHZ. F,NDEX:(x,y):coor 
dinate of curve. FSTEP indicates the magnitude of a character 
istic of the frequency slope (i.e., a rate of change) at (x,y) in 
the predetermined direction at the particular FINDEX. In 
essence, each range of the operational characteristics of the 
oscillator system listed in the ?rst column is associated With 
a slope for that particular range, as listed in the second col 
umn. Hence, the sharper the slope, the smaller the step siZe (or 
siZe of code Word changes) needs to be to achieve a similar 
adjustment. 
[0055] FIGS. 9 and 10 illustrate a comparison of operation 
of the binary search and the informed search approach in the 
oscillator calibration process 500 in both table and plot forms, 
respectively. As illustrated, the informed search approach 
reaches and con?rms a result in 4 iterations [Theby a table 
900 in FIG. 9 and a plot 1000 in FIG. 10, the informed search 
reaches the right closest correct value in 3 iterations. Is, With 
a the 4th iteration being used as a con?rmation to con?rm?], 
While the binary search approach results requires 7 iterations 
to reach the result in 7 iterations. 

[0056] The informed search approach has general applica 
tions for quasi-linear systems and can be used to improve 
dramatically the search time from that achieved in a linear 
search approach. For example, the binary search approach 
only uses the direction of the error difference betWeen the 
current frequency and the desired frequency to be moved 
closer to the desired value. In contrast, the ef?ciency of the 
informed search approach depends on hoW similar the heu 
ristic data is to the array Where the search is intended. The 
ef?ciency of the informed search approach thus depends on 
hoW similar the heuristic data is to the area Where search is 
intended. 

[0057] The informed search approach can ?nd its Way into 
a Wide variety of applications, including online system cali 
bration, to post silicon test and characterization. For example, 
the informed search approach may be used during the cali 
bration of systems Where the test time is critical, such as the 
reduction of access terminal equipment test time. In another 
example, the informed search approach can be used for fast 
frequency hopping systems, Where the channel sWitch time is 
very small, such as spread spectrum clocking or ultra-Wide 
band (UWB) applications. In yet another example, the 
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informed search approach as described herein may be used 
for the fast calibration of a frequency synthesizer, Where the 
startup time of the synthesiZer should be at a minimum. 

[0058] FIG. 11 is a block diagram illustrating an example of 
the functionality of an apparatus for calibrating an oscillator 
1100 according to another aspect of the disclosure. The appa 
ratus for communication 1100 includes a search module 1102 
for searching, in an array storing an operational characteristic 
of the oscillator, for an index value that is associated With an 
output of the oscillator; an accuracy determination module 
1104 for determining that the output is Within a predeter 
mined accuracy as compared to a desired output; and an 
output generation module 1106 for generating the output 
based the index value. 

[0059] FIG. 12 is a conceptual diagram illustrating an 
example of a hardWare con?guration for a processing system 
in a Wireless node. In this example, the processing system 
1200 may be implemented With a bus architecture repre 
sented generally by bus 1202. The bus 1202 may include any 
number of interconnecting buses and bridges depending on 
the speci?c application of the processing system 1200 and the 
overall design constraints. The bus links together various 
circuits including a processor 1204, machine-readable media 
1206, and a bus interface 1208. The bus interface 1208 may be 
used to connect a netWork adapter 1210, among other things, 
to the processing system 1200 via the bus 1202. The netWork 
interface 1210 may be used to implement the signal process 
ing functions of the PHY layer. In the case of an access 
terminal 110 (see FIG. 1), a user interface 1212 (e.g., keypad, 
display, mouse, joystick, etc.) may also be connected to the 
bus. The bus 1202 includes a clock line (CLK) to communi 
cate a clock. The bus 1202 may also link various other circuits 
such as timing sources, peripherals, voltage regulators, poWer 
management circuits, and the like, Which are Well knoWn in 
the art, and therefore, Will not be described any further. 
[0060] The processor 1204 is responsible for managing the 
bus and general processing, including the execution of soft 
Ware stored on the machine-readable media 1208. The pro 
cessor 1208 may be implemented With one or more general 
purpose and/ or special-purpose processors. Examples 
include microprocessors, microcontrollers, DSP processors, 
and other circuitry that can execute softWare. Software shall 
be construed broadly to mean instructions, data, or any com 
bination thereof, Whether referred to as softWare, ?rmWare, 
middleWare, microcode, hardWare description language, or 
otherWise. Machine-readable media may include, by Way of 
example, RAM (Random Access Memory), ?ash memory, 
ROM (Read Only Memory), PROM (Programmable Read 
Only Memory), EPROM (Erasable Programmable Read 
Only Memory), EEPROM (Electrically Erasable Program 
mable Read-Only Memory), registers, magnetic disks, 
optical disks, hard drives, or any other suitable storage 
medium, or any combination thereof. The machine-readable 
may be embodied in a computer-program product. The com 
puter-program product may comprise packaging materials. 
[0061] In the hardWare implementation illustrated in FIG. 
1211, the machine-readable media 1206 is shoWn as part of 
the processing system 1200 separate from the processor 1204. 
HoWever, as those skilled in the art Will readily appreciate, the 
machine-readable media 1206, or any portion thereof, may be 
external to the processing system 1200. By Way of example, 
the machine-readable media 1206 may include a transmission 
line, a carrier Wave modulated by data, and/or a computer 
product separate from the Wireless node, all Which may be 
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accessed by the processor 1204 through the bus interface 
1208. Alternatively, or in addition to, the machine readable 
media 1204, or any portion thereof, may be integrated into the 
processor 1204, such as the case may be With cache and/or 
general register ?les. The machine-readable media 1206 
includes a plurality of modules that includes an operational 
range determiner 1252, Which determines the operational 
characteristic of the oscillator over a plurality of ranges of a 
criteria, and an array generator 1254, Which generates an 
array over the plurality of ranges of the criteria. The array 
generator 1254 can also create a table including a plurality of 
magnitude of characteristic change, each associated With a 
corresponding range of the oscillator. 
[0062] The machine-readable media 1206 also includes an 
error determinator 1256 including a magnitude and a direc 
tion betWeen the output of the oscillator and the desired 
output value; and an index value selector (1258), based on the 
determined error, in the vicinity of the desired value. The 
machine-readable media 1206 further includes a code Word 
generator 1260 based on the index value; and an output selec 
tor 1262 of the oscillator using the codeWord. 
[0063] The processing system 1200 may be con?gured as a 
general-purpose processing system With one or more micro 
processors providing the processor functionality and external 
memory providing at least a portion of the machine-readable 
media 1206, all linked together With other supporting cir 
cuitry through an external bus architecture. Alternatively, the 
processing system 1200 may be implemented With an ASIC 
(Application Speci?c Integrated Circuit) With the processor 
1204, the bus interface 1208, the user interface 1212 in the 
case of an access terminal), supporting circuitry (not shoWn), 
and at least a portion of the machine-readable media 1206 
integrated into a single chip, or With one or more FPGAs 
(Field Programmable Gate Array), PLDs (Programmable 
Logic Device), controllers, state machines, gated logic, dis 
crete hardWare components, or any other suitable circuitry, or 
any combination of circuits that can perform the various 
functionality described throughout this disclosure. Those 
skilled in the art Will recogniZe hoW best to implement the 
described functionality for the processing system 1200 
depending on the particular application and the overall design 
constraints imposed on the overall system. 
[0064] The machine-readable media 1206 is shoWn With a 
number of softWare modules. The softWare modules include 
instructions that When executed by the processor 1204 cause 
the processing system 1200 to perform various functions. 
Each softWare module may reside in a single storage device or 
distributed across multiple storage devices. By Way of 
example, a softWare module may be loaded into RAM from a 
hard drive When a triggering event occurs. During execution 
of the softWare module, the processor 1204 may load some of 
the instructions into cache to increase access speed. One or 
more cache lines may then be loaded into a general register 
?le for execution by the processor 1204. When referring to the 
functionality of a softWare module beloW, it Will be under 
stood that such functionality is implemented by the processor 
1204 When executing instructions from that softWare module. 
[0065] Various aspects described herein may be imple 
mented as a method, apparatus, or article of manufacture 
using standard programming and/or engineering techniques. 
The term “article of manufacture” as used herein is intended 
to encompass a computer program accessible from any com 
puter-readable device, carrier, or media. For example, com 
puter readable media may include, but are not limited to, 
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magnetic storage devices, optical disks, digital versatile disk, 
smart cards, and ?ash memory devices. 
[0066] The disclosure is not intended to be limited to the 
preferred aspects. Furthermore, those skilled in the art should 
recogniZe that the method and apparatus aspects described 
herein may be implemented in a variety of Ways, including 
implementations in hardWare, software, ?rmWare, or various 
combinations thereof. Examples of such hardWare may 
include ASlCs, Field Programmable Gate Arrays, general 
purpose processors, DSPs, and/or other circuitry. SoftWare 
and/or ?rmWare implementations of the disclosure may be 
implemented via any combination of programming lan 
guages, including Java, C, C++, MatlabTM, Verilog, VHDL, 
and/ or processor speci?c machine and assembly languages. 
[0067] Those of skill Would further appreciate that the vari 
ous illustrative logical blocks, modules, processors, means, 
circuits, and algorithm steps described in connection With the 
aspects disclosed herein may be implemented as electronic 
hardWare (e.g., a digital implementation, an analog imple 
mentation, or a combination of the tWo, Which may be 
designed using source coding or some other technique), vari 
ous forms of program or design code incorporating instruc 
tions (Which may be referred to herein, for convenience, as 
“software” or a “softWare module”), or combinations of both. 
To clearly illustrate this interchangeability of hardWare and 
softWare, various illustrative components, blocks, modules, 
circuits, and steps have been described above generally in 
terms of their functionality. Whether such functionality is 
implemented as hardWare or softWare depends upon the par 
ticular application and design constraints imposed on the 
overall system. Skilled artisans may implement the described 
functionality in varying Ways for each particular application, 
but such implementation decisions should not be interpreted 
as causing a departure from the scope of the present disclo 
sure. 

[0068] The various illustrative logical blocks, modules, and 
circuits described in connection With the aspects disclosed 
herein may be implemented Within or performed by an inte 
grated circuit (“IC”), an access terminal, or an access point. 
The IC may comprise a general purpose processor, a digital 
signal processor (DSP), an application speci?c integrated 
circuit (ASIC), a ?eld programmable gate array (FPGA) or 
other programmable logic device, discrete gate or transistor 
logic, discrete hardWare components, electrical components, 
optical components, mechanical components, or any combi 
nation thereof designed to perform the functions described 
herein, and may execute codes or instructions that reside 
Within the 1C, outside of the 1C, or both. A general purpose 
processor may be a microprocessor, but in the alternative, the 
processor may be any conventional processor, controller, 
microcontroller, or state machine. A processor may also be 
implemented as a combination of computing devices, e.g., a 
combination of a DSP and a microprocessor, a plurality of 
microprocessors, one or more microprocessors in conjunc 
tion With a DSP core, or any other such con?guration. 

[0069] The method and system aspects described herein 
merely illustrate particular aspects of the disclosure. It should 
be appreciated that those skilled in the art Will be able to 
devise various arrangements, Which, although not explicitly 
described or shoWn herein, embody the principles of the 
disclosure and are included Within its scope. Furthermore, all 
examples and conditional language recited herein are 
intended to be only for pedagogical purposes to aid the reader 
in understanding the principles of the disclosure. This disclo 
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sure and its associated references are to be construed as being 
Without limitation to such speci?cally recited examples and 
conditions. Moreover, all statements herein reciting prin 
ciples, aspects, and aspects of the disclosure, as Well as spe 
ci?c examples thereof, are intended to encompass both struc 
tural and functional equivalents thereof. Additionally, it is 
intended that such equivalents include both currently knoWn 
equivalents as Well as equivalents developed in the future, i.e., 
any elements developed that perform the same function, 
regardless of structure. 

[0070] It should be appreciated by those skilled in the art 
that the block diagrams herein represent conceptual vieWs of 
illustrative circuitry, algorithms, and functional steps 
embodying principles of the disclosure. Similarly, it should 
be appreciated that any ?oW charts, ?oW diagrams, signal 
diagrams, system diagrams, codes, and the like represent 
various processes that may be substantially represented in 
computer-readable medium and so executed by a computer or 
processor, Whether or not such computer or processor is 
explicitly shoWn. 
[0071] It is understood that any speci?c order or hierarchy 
of steps described in the context of a softWare module is being 
presented to provide an examples of a Wireless node. Based 
upon design preferences, it is understood that the speci?c 
order or hierarchy of steps may be rearranged While remain 
ing Within the scope of the disclosure. 

[0072] Although various aspects of the disclosure have 
been described as softWare implementations, those skilled in 
the art Will readily appreciate that the various softWare mod 
ules presented throughout this disclosure may be imple 
mented in hardWare, or any combination of softWare and 
hardWare. Whether these aspects are implemented in hard 
Ware or software depends upon the particular application and 
design constraints imposed on the overall system. Skilled 
artisans may implement the described functionality in vary 
ing Ways for each particular application, but such implemen 
tation decisions should not be interpreted as causing a depar 
ture from the scope of the disclosure. 

[0073] The previous description is provided to enable any 
person skilled in the art to understand fully the full scope of 
the disclosure. Modi?cations to the various con?gurations 
disclosed herein Will be readily apparent to those skilled in the 
art. Thus, the claims are not intended to be limited to the 
various aspects of the disclosure described herein, but is to be 
accorded the full scope consistent With the language of 
claims, Wherein reference to an element in the singular is not 
intended to mean “one and only one” unless speci?cally so 
stated, but rather “one or more.” Unless speci?cally stated 
otherWise, the term “some” refers to one or more. All struc 
tural and functional equivalents to the elements of the various 
aspects described throughout this disclosure that are knoWn 
or later come to be knoWn to those of ordinary skill in the art 
are expressly incorporated herein by reference and are 
intended to be encompassed by the claims. Moreover, nothing 
disclosed herein is intended to be dedicated to the public 
regardless of Whether such disclosure is explicitly recited in 
the claims. No claim element is to be construed under the 
provisions of 35 U.S.C. §112, sixth paragraph, unless the 
element is expressly recited using the phrase “means for” or, 
in the case of a method claim, the element is recited using the 
phrase “step for.” 
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What is claimed is: 
1. A method for calibrating an oscillator comprising: 
searching, in an array storing an operational characteristic 

of the oscillator, for an index Value that is associated With 
an output of the oscillator; 

determining that the output is Within a predetermined accu 
racy as compared to a desired output; and 

generating the output based the index Value. 
2. The method of claim 1, Wherein the operational charac 

teristic of the oscillator comprises at least one of a frequency 
and a phase characteristic. 

3. The method of claim 1, Wherein the operational charac 
teristic of the oscillator comprises a rate of change Value for 
an operational range of the characteristic. 

4. The method of claim 1, Wherein the output is at least one 
of a frequency and a phase Value. 

5. The method of claim 1, further comprising: 
determining the operational characteristic of the oscillator 

over a plurality of ranges of a criteria; and, 
generating the array based on the plurality of ranges of the 

criteria. 
6. The method of claim 5, Wherein the generation com 

prises creating a table comprising of a plurality of magnitude 
of characteristic change, each associated With a correspond 
ing range. 

7. The method of claim 1, Wherein the search comprises: 
determining an error comprising a magnitude and a direc 

tion betWeen the output and the desired output Value; and 
selecting the index Value, based on the determined error, in 

the Vicinity of the desired Value. 
8. The method of claim 1, Wherein the output generation 

comprises: 
generating a code Word based on the index Value; and 
setting the output of the oscillator using the codeWord. 
9. The method of claim 1, Wherein the output comprises a 

frequency and the desired output comprises a desired fre 
quency, and the accuracy determination comprises compar 
ing the frequency of the output With the reference frequency 
of the desired output. 

10. An apparatus for calibrating an oscillator comprising: 
means for searching, in an array storing an operational 

characteristic of the oscillator, for an index Value that is 
associated With an output of the oscillator; 

means for determining that the output is Within a predeter 
mined accuracy as compared to a desired output; and 

means for generating the output based the index Value. 
11. The apparatus of claim 10, Wherein the operational 

characteristic of the oscillator comprises at least one of a 
frequency and a phase characteristic. 

12. The apparatus of claim 10, Wherein the operational 
characteristic of the oscillator comprises a rate of change 
Value for an operational range of the characteristic. 

13. The apparatus of claim 10, Wherein the output is at least 
one of a frequency and a phase Value. 

14. The apparatus of claim 10, further comprising: 
means for determining the operational characteristic of the 

oscillator over a plurality of ranges of a criteria; and, 
means for generating the array based on the plurality of 

ranges of the criteria. 
15. The apparatus of claim 14, Wherein the generation 

means comprises means for creating a table comprising of a 
plurality of magnitude of characteristic change, each associ 
ated With a corresponding range. 
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16. The apparatus of claim 10, Wherein the search means 
comprises: 
means for determining an error comprising a magnitude 

and a direction betWeen the output and the desired out 
put Value; and 

means for selecting the index Value, based on the deter 
mined error, in the Vicinity of the desired Value. 

17. The apparatus of claim 10, Wherein the output genera 
tion means comprises: 
means for generating a code Word based on the index Value; 

and 
means for setting the output of the oscillator using the 

codeWord. 
18. The apparatus of claim 10, Wherein the output com 

prises a frequency and the desired output comprises a desired 
frequency, and the accuracy determination means comprises 
means for comparing the frequency of the output With the 
reference frequency of the desired output. 

19. An apparatus for calibrating an oscillator, comprising: 
a memory storing an array comprising an operational char 

acteristic of the oscillator; and, 
a processing system con?gured to: 

search, in the array, for an index Value that is associated 
With an output of the oscillator; 

determine that the output is Within a predetermined 
accuracy as compared to a desired output; and 

generating the output based the index Value. 
20. The apparatus of claim 19, Wherein the operational 

characteristic of the oscillator comprises at least one of a 
frequency and a phase characteristic. 

21. The apparatus of claim 19, Wherein the operational 
characteristic of the oscillator comprises a rate of change 
Value for an operational range of the characteristic. 

22. The apparatus of claim 19, Wherein the output is at least 
one of a frequency and a phase Value. 

23. The apparatus of claim 19, Wherein the processing 
system is further con?gured to: 

determine the operational characteristic of the oscillator 
over a plurality of ranges of a criteria; and, 

generate the array based on the plurality of ranges of the 
criteria. 

24. The apparatus of claim 23, Wherein the generation 
comprises creating a table comprising of a plurality of mag 
nitude of characteristic change, each associated With a corre 
sponding range. 

25. The apparatus of claim 19, Wherein the search com 
prises: 

determining an error comprising a magnitude and a direc 
tion betWeen the output and the desired output Value; and 

selecting the index Value, based on the determined error, in 
the Vicinity of the desired Value. 

26. The apparatus of claim 19, Wherein the output genera 
tion comprises: 

generating a code Word based on the index Value; and 
setting the output of the oscillator using the codeWord. 
27. The apparatus of claim 19, Wherein the output com 

prises a frequency and the desired output comprises a desired 
frequency, and the accuracy determination comprises com 
paring the frequency of the output With the reference fre 
quency of the desired output. 

28. A computer-program product for calibrating an oscil 
lator, comprising: 

a machine-readable medium encoded With instructions 
executable by a processor to cause the processor to: 




